28 method. 1 The optimized structures of the lecithin and GA molecules were used for the 29 subsequent studies.
30
31 2. Generation of the structure of SL-GAC. Gaussian-accelerated molecular dynamics 32 (GaMD) is a biomolecular enhanced-sampling method that works by adding a harmonic 33 boost potential to smoothen the system potential energy surface. 2 Without the need to 34 set predefined reaction coordinates, GaMD enables unconstrained enhanced sampling 35 of biomolecules. This method can also be applied to sample the binding mode between 36 two molecules, such as the lecithin and GA molecules. The structure of SL-GAC is 37 unknown. It has been reported that in this complex, GA and lecithin combine via a non-38 covalent bond and do not form a new compound. 3 Therefore, we can employ GaMD to 39 sample the non-covalent complex of lecithin and GA. The optimized structures of the 40 lecithin and GA molecules were first placed randomly, and the centroid distance 41 between these two molecules was approximately 50 Å. Then, these two molecules were 42 solvated in an octahedral periodic box by using the TIP3P water model. The distance 43 between the outermost lecithin and GA atoms, and the walls of the simulation box was 44 set to 10.0 Å. Then, GaMD simulation was performed for a total of 2 μs for the lecithin 45 and GA systems, and this generated 100,000 frames. The GaMD simulation was 46 conducted using the AMBER v16 software package. 4 47 48 3. Construction of lecithin-GA-human phosphatidylcholine transfer protein 49 complex. By performing GaMD on the lecithin and GA molecules, we obtained the 50 non-covalent complex of lecithin and GA. To determine how this non-covalent 51 complex interacted with the target protein, we used the molecular docking method to 52 construct a complex structure of lecithin-GA-hPTP. The atomic coordinates of hPTP 53 were extracted from its crystal structure (PDB ID: 1LN1). The lecithin molecule in this 54 crystal structure was removed, and the non-covalent complex of lecithin and GA 55 obtained from the GaMD simulation was docked into the active site of 1LN1. The 56 molecular docking was conducted using the AutoDock v4.2 software package. 5 The 57 nonpolar hydrogen atoms were removed, and only the polar hydrogens were retained.
58 Gasteiger charges were added to the hPTP and non-covalent lecithin-GA complex. A 59 box size of 40 × 40 × 40 Å 3 with a grid spacing of 0.375 Å was defined around the 60 binding site of hPTP, so that it contained all the residues that are critical for interacting 61 with the non-covalent complex. The grid map around the binding site of hPTP was 62 generated using the probe atoms and the Auto Grid program. Each grid in the map 63 represented the potential energy of a probe atom in the presence of all the atoms of the 4 85 outermost protein atoms and the walls of the simulation box was set to 10.0 Å. Each 86 system was first submitted to 4000 steps of steepest-descent minimization and then to 87 6000 steps of conjugate-gradient minimization. Subsequently, the two systems were 88 heated from 0 to 310 K in 500 ps. The heating process was conducted under the 89 canonical ensemble (NVT ensemble). A harmonic restraint with a force constant of 90 10.0 kcal mol -1 Å -2 was applied to the whole system. A Langevin thermostat was used 91 during the heating process. Then, under an NPT ensemble with constant pressure (1.0 92 bar), the two systems were equilibrated for 5 ns. The relaxation time for the barostat 93 bath was set to 2.0 fs. In the end, the apo-hPTP and complex-hPTP systems were both 94 simulated for 200 ns. The NPT ensemble was used for this process, and periodic 95 boundary conditions were employed. The long-range electrostatics was handled using 96 the particle-mesh Ewald method. 9 The cut-off value for short-range interactions was set 97 to 10.0 Å. The SHAKE algorithm was employed to constrain bonds involving 98 hydrogen. The time step for all the simulations was set to 2 fs.
100 5. Calculation of binding free energies

101
The molecular mechanics/generalized Born surface area (MM/GBSA) method was 102 implemented using AMBER v16 to calculate the binding free energy between SL-GAC 103 and hPTP. 10, 11 The binding free energy ( ) in MM/GBSA between a ligand (L) and ∆ 104 a receptor (R) to form a complex RL was calculated as follows:
In eqn (2), , , and TS represent the molecular mechanics component in the gas 110 phase, the stabilization energy due to solvation, and a vibrational entropy term, 111 respectively. is given as the sum of , , and , which are internal, Coulomb, 112 and van der Waals interaction terms, respectively. The solvation energy, , is 113 separated into an electrostatic solvation free energy ( ) and a nonpolar solvation free 114 energy ( ). The former can be obtained using the Generalized Born (GB) method.
115 The latter is considered to be proportional to the molecular solvent accessible surface 116 area. 12 The binding free energies were obtained by averaging the values calculated for 117 5000 frames from the last 50 ns of the trajectories at 5-ps intervals for the complex 118 structure.
119
120 Acute toxicity study
121
The principles of laboratory animal care were followed, and all procedures were 122 conducted according to the guidelines established by the National Institutes of Health. 128 ± 10%; room air changes, 12-18 times/h; and a 12-h light/dark cycle. Throughout the 129 study, the mice were fed a normal chow diet and purified water ad libitum. However, 130 they were fasted for 6 h prior to the oral administration. The test was conducted 131 according to OECD guidelines. 13 The animals were randomly divided into 2 groups of 132 10 mice each, including 5 animals of each sex. SL-GAC was suspended in purified 133 water, and was administered at a dose of 5000 mg/kg bodyweight (BW) by gavage to 134 the mice in the experimental group. The other group served as the control. After the 135 administration of SL-GAC, the clinical symptoms of the mice were observed 136 immediately after dosing, at 6 h, and at 24-h intervals, and then at 24-h intervals for 7 137 days. Clinical symptoms, including mortality, clinical signs, and gross findings, were 138 recorded. On day 7, the mice were sacrificed by cervical dislocation and examined by 139 necropsy.
Results
Ultraviolet spectrum analysis
142
From the ultraviolet (UV) diagrams for GA, soybean lecithin, SL-GAC, and 143 soybean lecithin-GA physical mixture (Fig. S1 ), we found that lecithin did not have a 144 characteristic absorption peak within the scope of the scanning wavelength. GA had its 145 maximum absorption peak at a wavelength of 272 nm. The physical mixture and the 146 complex also had maximum absorption peaks with the same wavelengths, but the peak 147 of the complex was not as high as that of GA at the same concentration. This proved 148 that the complex had not resulted in any changes to the chemical structure of GA.
8 149 Furthermore, the complex mainly showed the chemical properties of GA. The decrease 150 in its characteristic peak may be because the characteristic structure was involved in 151 the SL-GAC.
152 Figure S1 . Ultraviolet spectrum curves of GA (1), soybean lecithin (2), SL-GAC (3), 153 and the physical mixture of gallic acid and soybean lecithin (4) 154 155 Differential thermal analysis
156
As indicated by the differential scanning calorimeter (DSC) diagram of GA, 157 soybean lecithin, and their mixture and complex ( Fig. S2-S5 ), GA began to have an 158 absorption peak at 250°C, which corresponds to its melting point (Fig. S2) . With an 159 amorphous form, soybean lecithin had no definite melting point and had a large 160 absorption peak at 276°C and two small absorption peaks at 207.2°C and 381.5°C each 9 161 (Fig. S3) . The small peak at 207.2°C may have been caused by the polar end of lecithin, 162 whereas the latter two peaks were caused by a change in the physical phase from gel to 163 liquid as the long chain between carbon and hydrogen was broken or separated. The 164 melting peak of GA in the complex disappeared completely, and in general, its DSC 165 diagram was very similar to that of lecithin; however, the heat absorption peak appeared 166 at a lower temperature, which indicated that GA no longer existed in the form of 167 crystals, and was instead completely dispersed in lecithin (Fig. S4) . The reason for this 168 is probably because the polar ends of the GA and lecithin molecules were combined, 169 which degraded the orderliness among the aliphatic hydrocarbon chains of lecithin. The 170 DSC diagram of the GA-soybean lecithin physical mixture mainly showed a 171 superposition of the diagrams of the two molecules, and the melting peak of GA could 172 still be observed (Fig. S5) . Table S3 . Body weight of SL-GAC-fed mice in the acute toxicity study (g/mouse)
Time (day) 1 2 3 4 5 6 7 Control 18.7 ± 0.8 20.4 ± 1.1 20.7 ± 1.5 21.1 ± 1.8 21.7 ± 2.2 22.3 ± 2.6 22.9 ± 2.8 SL-GAC 17.2 ± 1.1 18.4 ± 1.2 19.2 ± 1.3 20.0 ± 1.5 20.8 ± 1.6 21.7 ± 1.7 22.6 ± 2.1 209 210
